) was then proposed as a possibly more desirable antihypertensive agent. However, initial experiments to prepare this compound synthetically by reacting 4-p-hydroxyphenylthiosemicarbazide with nitrous acid led to extensive degradation. Preparation of this drug by means of the microbial conversion of AT to p-HT was thus proposed. Some of the studies reported here have also been previously cited (R. J. Theriault and T. H. Longfield, U.S. Patent 3,592,735).
MATERIALS AND METHODS
Cultures. Two hundred eighty-five fungi, including 100 basidiomycetes and 35 yeasts, 75 actinomycetes, and 40 bacteria were screened in this investigation for their ability to form p-HT from AT. All cultures were maintained on agar slants, transferred on a regular basis, and stored at 4 C. KH2PO4, 4.1; K2HPO4, 0.8; and deionized water to 1,000 ml were used. The pH was adjusted to 6.0. (ii) Basidiomycetes: the medium used for these cultures was identical to the one used for molds with the exception that malt extract was added at a level of 20.0 g/liter. (iii) Actinomycetes: glucose monohydrate, 50.0; soybean grits (meal), 5.0; yeast extract (Difco), 2.5; NaCl, 1.0; KH2PO4, 1.0; K2HPO4, 2.0; and deionized water to 1,000 ml were used. The pH was adjusted to 7.0. (iv) Yeasts: glucose monohydrate, 20.0; yeast extract (Difco), 5.0; peptone (Difco), 5.0; tryptone (Difco), 2.0; NaCl, 0.5; KH2PO4, 5.0; MgSO4.7H20, 0.5; and deionized water to 1,000 ml were used. The pH was adjusted to 5.0. (v) Bacteria: glucose monohydrate, 10.0; yeast extract (Difco), 5.0; peptone (Difco), 3.0; tryptone (Difco), 2.0; NaCl, 0.1; KH2PO4, 2.0; KHPO4, 4.0; MgSO4-7H2O, 0.5; and deionized water to 1,000 ml were used. The initial pH was adjusted to 7.0. With all of the media used, glucose monohydrate was sterilized and added separately.
Fermentation conditions. Initial screening studies with the 400 cultures for the desired product were carried out in 25-by 150 incubation, depending on the type of culture. Yeasts and bacteria were sampled at 120 h. Molds, actinomycetes, and basidiomycetes were sampled at 312 h. All whole culture samples were analyzed by ethyl acetate extraction and thin-layer chromatography.
All secondary screening and most other fermentation studies were conducted in 500-ml Erlenmeyer flasks containing 100 ml of appropriate medium and were closed with cotton plugs unless otherwise specified. All flasks were autoclaved at 120 C and 15 lb/in' for 35 min. Flasks were inoculated by suspending the surface growth of agar slant cultures in 6 ml of sterile nutrient broth. Three milliliters of the suspension was inoculated into each flask. Inoculated flasks were incubated on a Gump rotary shaker at 250 rpm and 28 C. Unless otherwise indicated, the substrate (AT) was added at a level of 0.1% (1 mg/ml) in the nonsterile powdered form after 48 h of incubation on the shaker. Incubation was then continued, and flasks were sampled (10 ml) periodically between 120 and 312 h for ethyl acetate solvent extraction and thin-layer chromatography.
For the isolation of p-HT, 200 Erlenmeyer flasks (500 ml) each containing 100 ml of medium (i) and closed with cotton plugs were sterilized, cooled, and inoculated from agar slant cultures of Aspergillus tamarii NRRL 3280 as described. After 48 h of incubation on a Gump rotary shaker, substrate (AT) was added at a level of 0.1% (1 mg/ml). Incubation was continued on the shaker until the yield of conversion product (p-HT) was optimal (162 h).
5-(o-Hydroxyanilino)-1,2,3,4-thiatriazole (o-HT) ( Fig. 1) was formed by and isolated from shaken flask cultures of Aspergillus terreus NRRL 1960. Two hundred Erlenmeyer flasks (500-ml size), each containing 100 ml of medium (i), were inoculated with A. terreus NRRL 1960. After 48 h of incubation on the shaker, substrate (AT) was added at a level of 0.05% (0.5 mg/ml) to each flask. Incubation was continued on the shaker until the yield of desired product (o-HT) was at the maximum possible level. p-HT was produced as a secondary product by this culture. Flasks were harvested at 192 h.
The 30-liter fermentors used in these studies were identical to those reported by Theriault (4) and earlier by Friedland, Peterson, and Sylvester (2). Fermentors were assembled as previously described and normally charged with 15 liters of medium. The fermentors were autoclaved at 120 C with 15 lb/in' for 1 h. After sterilization, the fermentors were cooled with sterile air and placed in operation after insertion of the bearings. Inoculum was usually 10% by volume from vegetative, shaken seed flasks of A. tamarii NRRL 3280 incubated at 28 C for 72 h. Substrate (AT) was added from a 40% dimethyl sulfoxide (DMSO).
A. tamarii NRRL 3280 was grown in aerated shaken flasks as previously described [medium (i) ]. After 48 h of incubation, flasks were removed from the rotary shaker and the cells were washed three times with 0.01 M (pH 6.0) phosphate buffer. The cells were then suspended in the same buffer at original volume in sterile 500-ml Erlenmeyer flasks closed with cotton plugs. AT was added at a level of 2.5 g/liter from a 40% DMSO solution, and the flasks were then incubated on a Gump rotary shaker (250 rpm) at 28 C.
Preparation of AT. Phenylisothiocyanate (40.5 g) was dissolved in 150 ml of ethanol and cooled to 0 to 10 C, and 9.6 g of 95% hydrazine was added dropwise with stirring. A precipitate formed, and the reaction mixture was stirred for 1 h at 0 C. The precipitate was filtered off and suspended in 500 ml of 10% HCl (cooled in an ice bath), and 20.7 g of sodium nitrite in 150 ml of water was added dropwise to the precipitate suspended in 10% HCL. The mixture was stirred for 1 h at 10 C. A precipitate which formed was filtered off and washed with cold water, and the product was recrystallized from methanol (37. Thin-layer chromatography. Samples (10 ml) of the various fermentation beers were adjusted to pH 7.0 with NH4OH and extracted with 4 vol of ethyl acetate. Ethyl acetate was removed under vacuum, the residue was redissolved in 2 ml of methanol, and 200 Mliters was applied on 20-by 20-cm glass plates coated with Merck Darmstadt silica gel GF-254 approximately 500 um in thickness. The plates were then developed in methylene chloride: 95% aqueous methanol: water (85:15: 1, vol/vol/vol) for 30 to 45 min, air-dried, viewed, and photographed with a 254-nm light by using a Polaroid Land camera with no. 107 film. Silica gel plates were then sprayed with one or more of the following detection reagents. (i) N-2,6-trichloro-p-benzoquinoneimine reagent: Silica gel plates were sprayed with a 0.2 N aqueous solution of NaOH followed by a 0.4% methanolic solution of N-2,6-trichloro-p-benzoquinoneimine. The substrate and microbial conversion products appeared as black spots on a white to gray background after the plates had been exposed to a 254-nm light for 10 min.
(ii) Phenols spray reagent (3): The plates were sprayed with aqueous 2 N HSO4 followed by aqueous 1% FeCl,-1% KFe(CN.) (1: 1). Phenolic products were revealed as intense blue spots on a pale yellow background. (iii) Sulfur spray reagent: The plates were first sprayed with a freshly prepared aqueous solution containing 3% sodium azide, 1% sodium iodide, and 1% starch, and then exposed to iodine on June 18, 2017 by guest http://aem.asm.org/ Downloaded from THERIAULT AND LONGFIELD vapors in a closed jar for 2 to 3 min. This procedure is a modification of one reported by Awe et al. (1) . It revealed the substrate (AT) and related microbial conversion products as white spots on a purple background which later changed to brown.
To determine more definitively that the detected substances were derived from the substrate by microbial action, the developed silica gel plates were viewed with a 254-nm light. The UV-absorbing, apparent microbial conversion products were removed from the plates and extracted with 3.5 ml of methanol. Silica gel was centrifuged off, and the UV spectra of the supernatant fluid were determined (Cary model 14 recording spectrophotometer).
Quantitative determinations of p-HT were carried out by the following procedure. Ethyl acetateextracted fermentation samples or product isolated in various stages of purification were appropriately diluted in methanol, and measured samples were applied on plates. After development in the previously described solvent system, the spots corresponding to p-HT (R, = 0.55) were transferred to small test tubes.
Each sample was then extracted three times with 2.5 ml of methanol. The combined centrifuged methanol extracts were then diluted to 8 ml with methanol. The UV spectrum of p-HT showed two maxima at 240 nm and 300 nm (Al, X..ma. 300 nm = 450.5). The samples were read at the preferred maximum of 300 nm in a Beckman model DU spectrophotometer. Recovery of p-HT standards from silica gel plates averaged 94.1%.
Spectral analyses. Infrared (IR) spectra were determined with a Perkin Elmer model 421 spectrophotometer. Nuclear magnetic resonance (NMR) spectra were determined with Varian A-60 and HA-100 spectrometers. The NMR spectra were deter- tamarii NRRL 3280 as previously described. The culture was harvested when the yield of product was optimal. The pooled harvested beer (18 liters) was adjusted to pH 7.0 with NH4OH and then extracted twice with 4 vol of ethyl acetate. The ethyl acetate extracts were combined, and the solvent was removed under vacuum. The residue was then dissolved in acetone, and the solution was added to a 6-cm diameter glass column packed to a height of 70 cm with Bio-Rad acid alumina (pH 4.1-4.8) in acetone. The column was developed, and the product was eluted with 1% methanol in acetone. Fractions (20 ml) were collected from the column, and the product was eluted over a range of 170 tubes. The column fractions containing the product were pooled, and the solvent was removed under vacuum. The residue obtained was dissolved in acetone, filtered through Whatman no. 50 paper, and again dried under vacuum. The resultant product residue was washed several times with small portions of acetone to remove trace impurities. The product was then dried under vacuum, yielding a white amorphous chromatographically pure solid (melting point 149-150 C).
o-HT was isolated from a run of 200 shaken flasks inoculated with A. terreus NRRL 1960 and incubated as previously described. Culture was harvested at 192 h, and the pooled beer (17 liters) was adjusted to pH 7.0. One volume of acetone (17 liters) was added to the beer, and the mixture was extracted twice with 2 vol (34 liters) of ethyl acetate. The ethyl acetate was removed under vacuum, and the residue obtained was dissolved in chloroform and added to a 5.4-cm diameter glass column packed to a height of 70 cm with silica gel in chloroform. The products were developed initially with chloroform, collecting 20-ml fractions. p-HT was eluted from the column with chloroform. o-HT was eluted with 1% and 2% ethyl ether in chloroform. One hundred ninety fractions containing o-HT were pooled, and the solvent was removed under vacuum. o-HT was then crystallized by washing the residue with methylene chloride (melting point 122-123 C).
RESULTS AND DISCUSSION In shaken tubes, 16 molds, 8 actinomycetes, and 5 basidiomycetes showed one or more major products when reacted with the phenols and N-2,6-trichloro-p-benzoquinoneimine sprays on silica gel plates. When retested in shaken flasks, all of the cultures revealed the same types of products. Eleven of the cultures which formed varied amounts of what appeared to be the same microbial conversion product on silica gel plates (R. = 0.55) were again grown in shaken flasks and are shown in Table 1 . Silica gel plates revealed that all cultures again formed the same product (R. = 0.55) and also gave a positive response when reacted with the phenol spray, N-2,6-trichloro-p-benzoquinoneimine, and the sulfur spray. UV spectra of this product obtained from silica gel plates were qualitatively identical to AT. Thus, this product gave every indication of being substrate related, hydroxylated, and identical for all eleven cultures. Silica gel plates showed that A. tamarii NRRL 3280 gave the highest yield of this product and was later used for the isolation and confirmation of structure as p-HT.
On the assumption that this product was the same for all eleven cultures, the yields in this experiment were calculated as p-HT. As inoculated with A. tamarii NRRL 3280 and incubated with substrate (AT). The run was harvested at the optimal age, and the product (p-HT) was isolated, as described, yielding a chromatographically pure white solid (melting point 149-150 C). Analysis for monohydrox- nm (e = 7799) and 300 nm (e = 8747). The Nujol mull IR spectrum showed increased absorption at 3,050 cm1l and 3,215 cm-1 and was otherwise consistent with the proposed structure. The 60 MHz NMR spectrum showed a singlet at 11.16 which could be assigned to the N-H proton. An additional singlet was observed at 9.446 which could be assigned to the OH proton. Both of these protons exchanged with D20. The four phenyl protons were split into an AA'BB' pattern centered at 7.105, confirming hydroxylation in the para position. The mass spectrum showed a molecular ion of 194.0270 (calculated for C7H.N40S = 194.0262). Thus, the structure of the major microbial conversion product formed by A. tamarii NRRL 3280 was established as p-HT. A synthetic method to yield the same product was developed later (R. J. Theriault and T. H. Longfield, U.S. Patent 3,592,735).
As seen in Table 1 , A. terreus NRRL 1960 also formed p-HT but in very low yields. Silica gel plates revealed that this culture formed a second phenol-positive product of equal intensity and with a slightly higher R. of 0.50. Two hundred 500-ml Erlenmeyer flasks containing medium 1 were inoculated with A. terreus NRRL 1960 and incubated with substrate (AT) as described. The flasks were harvested at 192 h, and the product was isolated yielding a small amount of chromatographically pure crystalline material (melting point 122-123 C). Analysis for monohydroxylated AT calculated for C7HoN40S: C, 43.30; H, 3. 16 .6. The NMR spectrum of this product showed a complex aromatic pattern which was consistent with a structure of o-HT.
To increase the yields of p-HT, A. tamarii NRRL 3280 and Aspergillus sp. NRRLA-13647 were grown in shaken flasks comparing aeration, inoculum, and the utilization of substrate when dissolved in DMSO or dimethyl formamide (DMF) at maximum solubility. The approximate maximum solubility of the substrate (AT) was 40% in DMSO and 30% in DMF ( 
